INTRODUCTION {#s1}
============

More elderly people live alone today than in previous times. The rise in the numbers of elderly individuals living alone is due to increases in average life expectancies, with subsequent increases in the percentage of elderly people in the population. However, it is also the result of changes in family structures and lifestyles, with more nuclear families and one-parent families today, as well as increased divorce rates. Furthermore, there are changes in trends in familial support, with many elderly members of families no longer looked after by their children. These trends are expected to continue in the future[@r1], [@r2]^)^.

Although elderly people generally experience aging-related health problems, these difficulties are more severe for elderly individuals living alone. Previous research showed that elderly people who lived alone had lower levels of health and self-competence as compared to elderly individuals who did not live alone and that health-related issues were preconditions for other problems[@r2]^)^. These problems include psychological conflict, sadness, and a sense of isolation due to an absence of relationships with family members, as well as the loss of friends[@r3]^)^.

Previous research demonstrated that exercise improved the gait of elderly individuals and prevented falls by enhancing their overall body balance ability. It also had positive effects on the muscular functions of elderly individuals, providing pain relief in cases of musculoskeletal system problems. Furthermore, studies showed that exercise had positive effects on the cardiovascular system, thereby helping to prevent circulatory system diseases, in addition to improving insulin sensitivity by enhancing saccharometabolism[@r4],[@r5],[@r6]^)^. There have been no studies of the effects of exercise on aging-related hormones on elderly individuals, although such studies, especially among elderly people living alone, are important. The purpose of this study was to investigate the effects of silver gymnastic exercises on aging-related hormones in elderly women living alone.

SUBJECTS AND METHODS {#s2}
====================

The study population consisted of 20 elderly women living alone who were registered in the elderly persons living alone comprehensive support center in D city of South Korea and were in receipt of elderly person care services. The average age, height, body weight, and body fat percentage of the study participants were 75.9 ± 6.3 years, 152.9 ± 5.53 cm, 59.1 ± 7.8 kg, and 33.3 ± 6.3%, respectively. The silver gymnastic exercise program was implemented three times per week for 12 weeks based on the elderly persons exercise program recommendation[@r7]^)^, and each exercise session lasted 60 min. In the silver gymnastic exercises, the target heart rate was 40--60% of heart rate reserve (HRR), and 21 movements were performed. These were as follows: morning stretching, water force massage, knee pulling, body lifting, neck stretching, shoulder turning, flank stretching, trunk twisting, upper body bending in a sitting position, upper body bending to stretch the leg, inhaling the energy of the sun, bending the waist to 90°, pup stretching, balancing on a foot, erecting the trunk, cat stretching, ankle stretching, ballet stretching, half-moon stretching, whole body twisting, and tree posture. To measure aging-related hormone (human growth hormone \[HGH\] estrogen) levels, blood was collected from the forearm vein of each participant before and after the silver gymnastic exercise. To compare changes before and after the exercise program, paired t-tests were conducted. All the data were analyzed using the SPSS 21.0 Windows program. The significance level α was set to 0.05. This study has been prepared in accordance with the Namseoul University research ethics standards, and the subjects were safely protected throughout every stage of the experiment. All of the subjects understood the purpose of this study and provided written informed consent prior to their participation in accordance with the ethical standards of the Declaration of Helsinki.

RESULTS {#s3}
=======

The levels of HGH increased from 0.85 ± 0.63 (ng/ml) before the exercise program to 1.47 ± 1.13 (ng/ml) after the exercise program, and the difference was statistically significant (t-value= −2.575, p=0.019). The levels of estrogen also changed, increasing from 156.94 ± 71.48 (pg/ml) before the exercise program to 229.32 ± 85.74 (pg/ml) after the program, and the difference was statistically significant (t-value= −2.856, p=0.011).

DISCUSSION {#s4}
==========

Changes in the endocrine system, including aging-related declines in HGH and estrogen, can lead to the collapse of the metabolic regulatory function, thereby accelerating aging and causing various diseases[@r8]^)^. HGH is a potential mediator of aging-related muscle atrophy and an important indicator of the functional capacity and activity of elderly individuals. The secretion of estrogen rapidly decreases after menopause, with resulting effects on physiological systems[@r9]^)^. Decreased secretion of estrogen also results in an increased risk of heart diseases and osteoporosis[@r9]^)^. In the present study, the level of HGH was significantly higher after the exercise program as compared to before the program. This result is consistent with the findings of a previous study, which indicated that aerobic exercises and resistance exercise had positive effects on HGH[@r10], [@r11]^)^. We attribute the positive effects of the 12-week silver gymnastic exercise program in the present study to physical stimulation of the musculoskeletal system promoting the metabolism of the study participants. Increases in HGH levels can be expected to help the movements of amino acids between cells and cells' re-synthesis of amino acids, leading to the production and recovery of organs, including the heart and skin, thereby helping to suppress aging in elderly people and improve their health. It is expected to benefit the health of elderly people by making and restoring the body's muscles, heart, and skin.

In this study, estrogen levels were also significantly higher after the silver gymnastic exercise program as compared to before the program. A previous study reported that long-term aerobic exercise increased the levels of estrogen, a sex hormone[@r12]^)^. Another study reported that an exercise program of short duration (i.e., 12 weeks) increased the estrogen levels of elderly people with very low fitness levels and that it had positive effects[@r13]^)^, consistent with the results of the present study. Based on the findings of the present study and those in the literature, it appears that silver gymnastic exercises, in addition to preventing osteoporosis caused by a shortage of estrogen and dementia, which afflicts many elderly people living alone, can have other long-term health-related benefits due to the promotion of the synthesis of neurotransmitters and improvements in immune functions. These include the prevention of heart diseases and arteriosclerosis among elderly women living alone.

In conclusion, silver gymnastic exercises induced positive changes in aging-related hormones in elderly women living alone. The results of this study may be useful in helping to combat adverse health effects associated with aging among elderly women living alone.

Generally speaking, the characteristics of the aging-related hormones is not different in the elderly who live alone compared to elderly individuals who do not. However, it is also well known that elderly individuals living alone have more negative health elements including the low levels of overall health and self-competence and disconnection with their family compared to their counterparts. It is necessary to look for an exercise program as the health promotion of the elderly living alone. In addition, it is difficult to conclude that the silver gymnastics exercises sustain the positive change of the aging-related hormone in elderly individuals with the finding of the present study that the exercises induced positive aging-related hormonal changes in the female elderly individuals living alone. Therefore, the validity of the long-term effect should be verified.
